All forms of life maintain a reducing environment within their cells. The cellular redox environment is preserved by enzymes that can maintain this reduced state through a constant input of metabolic energy. An imbalance in the redox homeostasis results in an increased flux of reactive oxygen species accumulation of which leads to oxidative stress. During the metabolism, excessive free radicals are generated and may cause liver damage. These ROS can damage DNA, RNA, proteins and lipid components, and this may lead to mutations or apoptosis. Normally, the free radical level in the body is low because healthy organisms can neutralize, metabolize, or subtract the toxic effects by free radical scavengers. Antioxidant defenses, both enzymatic and non-enzymatic, protect the body against oxidative damage. In case of liver disease, ROS seem to play a crucial role in the pathogenesis and the progression of HCC irrespective of the etiology.
It has been realized that the focus and emphasis should be shifted to the control of carcinogenesis, rather than attempting to cure end-stage disease. Chemoprevention, a pharmacological approach to intervention in order to arrest or reverse the process of carcinogenesis, attempts to address this issue.
Recently, considerable attention has been focused on identifying naturally occurring chemopreventive substances capable of inhibiting, retarding or reversing the preneoplastic lesion of carcinogenesis. This increasing interest with the antioxidants of natural origin is developed because they could suppress the oxidative damage of a tissue by stimulating the body own natural defense system [10] . The reasons for the use of herbal medicine over conventional drugs include the latter's expensive cost, adverse drug reactions and their inefficacy [11] . Moreover, herbal drugs have been regarded as relatively safe in use; numerous types of herbal extracts have been tested in various in vivo or in vitro systems [12] . The 21 st century has seen a paradigm shift towards therapeutic evaluation of herbal products in the management of various liver disorders in addition to promotion of natural healing process [13] .Various herbs have been found to be efficacious against liver problems including milk thistle, dandelion root, licorice root, chicory root. Averrhoa carambola L. (Oxalidaceae) is also known as the star fruit tree. Studies have shown that the fruit of A. carambola has several medicinal properties and it is rich in antioxidants which act against reactive oxygen species. The ripe star fruit has digestive and biliousness properties. It is also good source of vitamin C and used to treat headache, vomiting, coughing, hangovers and eczemas [14, 15] . Furthermore, it is used as an appetite stimulant, diuretic, anti-diarrheal and febrifugal agent. In addition, the extract obtained through the leaves of such plant has been used in the treatment of diabetes [16] .
Looking into the pharmacological and medicinal properties of this plant, the present study has been targeted to investigate the possible anti-cancer potential of A. carambola fruit Extract (ACE) against chemical induced hepatocellular carcinoma in mammals.
Materials and Methods

Chemicals
Diethylnitrosamine (DENA) and Carbon Tetrachloride (CCl 4 ) were purchased from Sigma Chemical Co. (St. Louis, MO, USA). DENA at a dose 15 mg/kg b.wt (single i.p. injection in normal saline) was injected to initiate hepatic carcinogenesis, while CCl 4 (1.6 g/kg b.wt.) in 1:1 dilution with corn oil was given to animals by gavage to stimulate liver cell proliferation and regeneration.
Preparation of plant extract
Carambola fruits were cleaned, air dried and grinded into the form of fine powder. The powder was extracted with 90% ethyl alcohol using soxhlet apparatus and concentrated by evaporating its liquid contents. The required dose for further treatments was prepared by dissolving the extract in Double Distill Water (DDW).
Animals
Swiss albino mice (3 week old) were taken for the experiment from an inbred colony provided feed and water ad libitum. All studies were carried out in accordance with the guidelines of the Institutional Animal Ethics Committee and Indian National Science Academy, New Delhi, India.
Dose selection of ACE
Pilot experiments were done earlier to evaluate the desired dose of ACE for the treatment after evaluation of various biochemical parameters in the liver of mice. The optimum dose found out to be 25 mg/kg/b.wt./animal for this experiment.
Determination of anti-oxidative and anti-cancer activity of ACE Animals for this experiment were divided into the following groups with 10 animals in each Group I: Negative control (Vehicle treated normal mice) -In this group, animals were given single i.p. injection of normal saline and later administered with corn oil by oral gavage, three times in a week, for the entire experimental period i.e. 24 weeks.
Group II: Positive control (Carcinogen treated) -The animals in this group were given DENA in normal saline. After 2 weeks of DENA administration, CCl 4 was given 3 times in a week until the end of the experiment.
Group III: Drug treated control -In this group, the animals were administered Averrhoa carambola Extract (ACE) at a dose of 25 mg/kg/b.wt./animal/day for the entire experimental period.
Group IV: Pre-treated experimental -The animals of this group were provided ACE at a dose of 25mg/kg b.wt./day for 5 consecutive days. ACE source was withdrawn 48 hrs before the first administration of DENA. CCl 4 was given after 2 weeks as 3 times a week for 24 weeks.
Group V: Peri-post treated experimental-Animals of this group were given ACE (25 mg/kg/b.wt/animal/day), as in Group IV, and continued daily even after the administration of CCl 4 till the end of the experimental period i.e. 24 weeks.
Animals from all the above groups were necropsied after 24 weeks of respective treatments. The following parameters were taken into account for the study:
Morphological
• Body weight: The weights of the animals from each group were recorded at the beginning and at the termination of the experiments.
• Liver weight: The liver was taken out from the animals of each group and weighed at the termination of the experiments.
• Tumor incidence: Number of mice carrying at least one tumor expressed as percentage incidence.
• Tumor yield: It refers to the total number of tumors per group (No of tumors/total no of mice)
• Tumor burden: The average number of tumors per tumor bearing mouse (total no. of tumors in all mice/total no of tumor bearing mice).
Biochemical: All the animals were necropsied after the end of experiment i.e. 24 weeks, and the whole liver was taken out from each mice.
Biochemical analysis for the following parameters was performed in the liver:
• Lipid Peroxidation (LPO) -The level of LPO in liver was measured in terms of thiobarbituric acid reactive substances by the method of Okhawa et al. [17] . Briefly, thiobarbituric acid (0.8%), sodium dodecyl sulfate (0.1%), and acetic acid (20%) were added to 100 ml. of the tissue homogenate for 60 min. It was cooled and extracted with N-butanol-pyridine, and the optical density was recorded at 532 nm. The content of TBAS was expressed in nmol/mg.
• Glutathione (GSH) -The level of reduced GSH was estimated by the method of Moron et al. [18] . The GSH content in the liver was measured spectrophotometrically, using Ellman's reagent with 5,5'-Dithiobis 2-Nitrobenzoic acid (DTNB) as a coloring agent, according to the method of Beutlar et al. [19] . The absorbance was recorded at 412 nm with levels expressed as nmol/mg of protein.
• Catalase (CAT) -The enzyme activity was assayed in the liver by the method of Aebi et al. [20] .The content was estimated at 240 nm by monitoring the disappearance of H 2 O 2 .
• Superoxide Dismutase (SOD) -The activity of this enzyme was measured by utilizing the method of Marklund et al. [21] .
• Total Proteins -The protein contents in liver were measured by the method of Lowry et al. [22] . The absorbance was recorded at 680 nm.
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• Histopathological analysis: The paraffin block was cut into uniform sections of 5-6 μm thickness using a microtome and tissue sections were stained with hematoxylin and eosin. Light microscopic examinations were made at 100, 200 and 400 magnifications.
Statistical analysis:
All the data is normally distributed and the statistical significance of differences for various parameters among different groups was analyzed by Student's t-test. Data are presented as means ± SEM.
Results and Discussion
Morphological study
The animals treated with DENA depicted morphological changes such as increase in liver weights and decrease in body weights at the end of experimentation i.e. 24 weeks. The mice receiving DENA and CCl 4 (carcinogen control) exhibited a slight decrease in mean body weights from that of the untreated (Group I) and ACE treated mice (Group III). There was no considerable change in the average body weight of ACE (Group III) and DENA+ACE (Group IV and V) treated animals when compared to vehicle treated control (Group I). The ACE treated mice (Group III) exhibited a spontaneous gain in body weight as similar to the negative control mice. The liver weights were significantly increased (p≤0.01) in DENA/CCl 4 treated animals higher as compared to the normal ones. However, the gain in the liver weights was not noticeable among the other groups (Table 1) .
Several small white-grayish foci were detected on the liver of DENA/CCl 4 treated mice at the end of 24 weeks. However, animals of vehicle treated (Group I) as well as ACE treated (Group III) did not show any such foci on the liver while DENA treated mice (Group II) had the appearance of the tumor incidence as 100%. On the other hand, concomitant treatment of ACE with DENA (Group III and IV), the number of visible foci was found to be radically decreased and the liver surface was much smoother when compared with Group II animals. The tumor incidence was reduced to 80% when DENA treated mice were orally administered ACE in both the groups (IV and V) but the considerable difference was observed in tumor burden and tumor yield that was reduced to 52.58 and 42.5% respectively in the animals pre-treated with ACE. When such extract was administered during the peri-post treatment, the levels of tumor burden and tumor yield were found to be further reduced by 24.45 and 19.5%, respectively (Table 1) .
Biochemical study
The antioxidant enzyme levels in negative control group were observed to be significantly higher than the DENA treated (positive control). The LPO content in the liver homogenate was significantly increased (p<0.001) by 4.6 fold in DENA treated animals when compared to the normal mice (Figure 1) . The antioxidant activities of SOD, CAT, GSH and level of total proteins were significantly decreased (p<0.001) in DENA treated group as compared to normal. Nearly 0.64, 0.16, 0.07 and 0.20 fold decrease was noted from normal in SOD, CAT, GSH and total proteins respectively (Figures 2-5) .
Administration of hydro-ethanolic extract A. carambola fruit at pre-initiational stage led to a significant (p<0.05) drop of 0.31 fold from normal in LPO while the peri-post treatment contributed highly significant (p>0.01) decrease of 0.23 fold (Figure 1) . Concurrently, intake of ACE at pre-initiational stage with DENA significantly (p>0.01) increased the levels of antioxidant enzymes viz. SOD by 1.49 fold, CAT by 2.38 fold and GSH by 6.09 fold whereas, the similar extract during the peri-post initiation stage significantly (p<0.001) regained the activities of such enzymes in the liver of mice i.e. 1.50 fold in SOD, 2.4 fold in CAT, 6.27 fold in GSH. Further, the ACE treatment significantly elevated total protein levels by 4.46 (p>0.01) and 4.61 (p>0.001) folds during peri-initiation and peri-post initiation stage, respectively (Figures 2-5 ).
Histopathology study
Light microscopic investigations revealed that vehicle treated control (Figure 6a ) and ACE treated control (Figure 6b) 
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• Experimental group i.e., ACE-DENA/CCl 4 treated mice (Figures 7a-7c ) demonstrated dilatation in blood sinusoids, slight vacuolization in the cytoplasm of the hepatocytes, less monocytic infilteration in the liver. The histological study confirms the protective effects on DENA/CCl 4 induced mice by ACE. The pre treated group with ACE showed well-defined structures and hepatocytes maintaining near normal architecture (Figure 6d) , whereas in the peri-post treated ACE group showed normal hepatocyte architecture with well-defined aggregation of hepatic and portal veins (Figure 6e) . The potential beneficial effects of ACE on the liver tissue were also visible evident from histological findings. Histological examination also showed substantial improvement in the overall tissue architecture.
Studies on the Carambola have demonstrated that the fruit is rich in several important antioxidants especially polyphenols. These offered protection against the various disorders like cancer, diabetes, osteoporosis, neurodegenerative and cardiovascular diseases [23, 24] . Polyphenols act as chemopreventive agents by mediating anti-proliferation, induction of cell cycle arrest or apoptosis, prevention of oxidation, induction of detoxification enzymes, regulation of the host immune system, anti-inflammatory activity and changes in cellular signaling mechanisms. They also influence the metabolism of pro-carcinogens and facilitate their excretion [25] . The major polyphenols reported in star fruit are quercetin-3-O-b-D-glucoside, rutin, lupeol etc. Quercetin mediate the anti-carcinogenic properties by increasing the apoptosis of mutated cells, inhibition of DNA synthesis, inhibition of cancerous cell growth, decrease and modification of cellular signal transduction pathways. Rutin has been found to display chemopreventive properties by acting as an agent that blocks carcinogenesis induced by heterocyclic amines [26] . Quercetin 3-O-glucoside and rutin contribute to the relaxation of smooth muscles in mammals and they also aid in absorption of vitamin-C. Lupeol reported to provide hepatoprotection against aflatoxin B1 [27, 28] that causes acute hepatotoxicity and liver carcinoma. It was observed that lupeol can substantially normalized degenerative alterations in the hepatocytes [29] , and its treatment induces growth inhibition and apoptosis in HCC cells by down-regulating the death receptors expressed on these cells [30] .
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In the present study, the rise in LPO and the decline in GSH, CAT, SOD and total proteins in the DENA/CCl 4 treated liver suggest failure of antioxidant defense mechanism in animals to prevent formation of excessive free radicals.
LPO is regarded as one of the basic mechanisms of cellular damage caused by free radicals. It is an autocatalytic process which causes oxidative tissue damage due to toxicity of xenobiotics [31] . DENA impart hepato-carcinogenicity by its metabolic activation that leads to the release of ethylcarbonium ions which bind to DNA, making adducts and generate superoxide radicals through lipid peroxidation of phospholipids membrane fatty acids [32] . Malondialdehyde (MDA) is an important marker for oxidative stress that is formed during lipid peroxidation. The present data show that a single injection of DENA followed by CCl 4 administration elicited a dramatic induction of hepatic lipid peroxidation in mice, as evidenced from an increase in Malondialdehyde levels, indicating severe oxidative stress due to excessive generation of free radicals. The finding also reveals that ACE significantly reduces the DENA-CCl 4 induced lipid peroxidation and raises the ability for scavenging free radicals produced by such carcinogens.
There is no single parameter that can be representative of "liver function. " However, the enzymes and the substances released by damaged hepatic cells can serve as the most useful biomarkers of possible liver injury [33] . The detoxification ability of the liver resides in its rich metabolizing antioxidant enzyme profile that includes superoxide dismutase, catalase, intracellular non-enzymatic reserve (glutathione and vitamin C) which serve as important biochemical parameters in estimation of hepatic carcinogenesis.
SOD and CAT provide the first defense against oxygen toxicity by catalyzing the dismutation of superoxide anion to hydrogen peroxide and decomposition of hydrogen peroxide to water and molecular oxygen. Studies have showed the decreased activities of SOD and CAT in DENA-treated mice could be due to overutilization of these non-enzymatic and enzymatic antioxidants to scavenge the products of lipid peroxidation [34] . The current study exhibited a significant decrease in SOD and CAT activities in liver of mice treated with DENA/CCl 4 while ACE treatment depicted an extremely significant rise in their levels, which signifies well-defined antioxidant activity in liver of the treated animals. As ACE has rutin which quenches the free radicals especially O 2ˉ• produced by DENA, and hence protects the liver cells from further oxidative stress [35] .
Glutathione is the most abundant tri-peptide antioxidant present in liver. It is non-protein sulfhydryl-containing compound in the cell and constitutes the major thiol buffer which protects thiol groups of protein from oxidation induced by free radicals [36] . It neutralizes the electrophilic site by providing -SH group and renders the metabolite more water soluble. The GSH levels in biological tissues were found to be decreased after DENA administration [37, 38] In the present study, DENA administration led to a significant decrease in the liver GSH levels in comparison with the positive control. Pre-treatment with ACE resulted in the partial restoration of GSH levels, whereas during the peri-post treatment, a significant increase in the levels of GSH was observed when compared with the positive control. GSH plays a crucial role in the detoxification process of majority of alkylating agents including DENA and plays major role in combating oxidative stress [39, 40] .
It has been suggested that star fruit is rich in polyphenols and flavonoids which mainly include quercetin-3-O-b-D-glucoside, rutin, lupeol, catechin, epicatechin, proanthocyanidins and saponins that mediate hepato-protective role [41, [42] [43] [44] which is responsible for the significant decrease in tumor incidences.
Histological examinations in this study, revealed noticeable changes that were observed in the architecture of liver in HCC bearing animals like distorted and disorganized liver histology, highly damaged portal tracts and hydropic degeneration. These indicate the presence of neoplastic conditions following DENA and CCl 4 administration as observed in other studies [45, 46] . In animals treated with ACE (in both peri and peri-post treatments), the liver architecture was well preserved and DENA/CCl 4 induced damage was recovered. Hence, the regression of the tumors in liver may be due to the protective effect of A. carambola.
Conclusion
The results of the present study indicate that dietary intake of A. carambola, rich in antioxidants, may be an important component of a healthy living strategy to increase the resistance to liver cancer. ACE exhibited significant protection given in peri-post treatment than pre treatment against DENA/CCl 4 -induced hepatotoxicity. It might be due to its active constituents present in ACE which mediated the free radical scavenging activity, thereby combating the oxidative stress and suppressing the inflammatory cascade against chemical induced hepatic carcinogenesis in the mammals.
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